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[57] ABSTRACT ' 

A gas generator is integrally formed with a piston con 
nected to a seat belt so that thrust developed by gas 
discharge into a piston chamber supplements the force 
of the gas on the piston to decrease the time required to 
move the piston and strain the seat belt. 

2 Claims, 3 Drawing Figures 
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ACTUATOR FOR SAFETY SEAT BELT SYSTEM 

The present invention generally relates to a safety 
seat belt system for a motor vehicle, and more particu 
larly to an-actuator to automatically retract and strain 
a seat belt during a vehicle accident. 

It is beyond discussion that a safety seat belt makes 
an important contribution to the protection of a vehicle 
passenger from injuries during a vehicle accident pro-_ 
vided it is worn properly with little slack. However, 
conventional safety seat belts are usually worn loosely 
during cruising of the vehicle so that seat- occupants 
may travel in minimum discomfort. In case a collision 
occurs under such a seat beltusage condition, a seat 
occupant is unrestrained for a considerable time until 
the belt is sufficiently stretched by his or her forward 
movement by a distance corresponding to the slack of 
the seat belt. Although the occupant can be prevented 
from being thrown out of the seat, the initial forward 
movement brings about a substantial reduction in the 
open space between the occupant and a dash-board or 
seat in front of him. As a result, the passenger is in 
danger of the so-called “second collision” despite the 
initial sufficient open space. 
To solve this problem, means to automatically retract 

and strain a safety seat belt when a vehicle encounters 
a collision have been proposed in recent years. An 
example is a retractor or actuator, which essentially 
consists of a cylinder-piston assembly provided with gas 
generating means. The piston movement exerts a pull 
on a seat belt to bring it into a fully strained condition 
from a slackened condition. In such an actuator, it is 
desirable that the straining of seat belts be accom 
plished with a minimum time delay from the instant of 
collision using as small a gas generating unit as possible. 

It is therefore an object of the present invention to 
provide an actuator for a safety seat belt system which 
can strain‘ a seat belt within a time short enough to 
prevent forward motion of a seat occupant during a 
vehicle accident and comprises a small gas generator. 
A feature of an actuator of the invention is that the 

piston of the actuator for pulling the seat belt is pro 
vided with a gas generating device so that the reaction 
force of the generated gas jet can be imparted to the 
piston. The reaction force or thrust adds to the piston 
acceleration caused by gas pressure, resulting in strain 
ing the seat belt more quickly. . a > 

Other objects, features and advantages of the inven 
tion will become clear from the following description of 
an embodiment thereof ‘with reference to the accompa 
nying drawing, in which: 
FIG. 1 is a schematic side view of a safety seat belt 

system for ‘an automobile including an actuator‘of the 
invention; . . Y . 

FIG. 2. is a longitudinal cross-sectional view of an 
embodiment of an actuator of the invention; and 
FIG. 3 is a' graph‘showing the seat belttension as a 

function of time‘ after the instant of collision. 
In a safety seat 'belt system for an automobile seat 

occupant or passenger 10 shown in FIG. 1, a three 
point type seat belt 11 for a seat 12 ?xed to a floor 
panel 13 is worn by the seat occupant 10 with adequate 
slack so as not to hamper the freedom of the occupant 
10 of changing posture to operate the vehicle and re 
lieve physical fatigue during normal running of the 
vehicle. Each end-strap 11A of the seat belt 11 is con 
nected to a joint member 14 attached to an actuator 15 
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2 
via a pulley 16'. The actuators 15 are ?xed to the floor 
panel 13 and a roof panel 17 to act as anchor points of 
the seat belt 11. In case of a collision, the actuators 15 
are energized by an electrical power source on board 
the vehicle in response to a signal from a shock sensor 
installed in the vehicle (not shown), and the end-straps 
11A are pulled toward the actuators 15 to retract and 
strain the seat belt 11. 
An embodiment of the actuator 15 according to the 

invention includes, as shown in FIG. 2, a cylinder 18 
and cylinder heads or cap members 19 and 20 attached 
to the ends of the cylinder 18. The cap member 19 has 
a considerably large opening 19A and a joint member 
19B to ?x the actuator 15 to the ?oor panel 13 or roof 
panel 17. Within the cylinder 18 is a piston 21 having a 
rod 22 which extends outwardly from the cap member 
20 through an opening 20A. As a gas generating device 
23 to operate the piston 21, a threaded container or 
cup 23A containing a gas-generating composition 24 is 
?xed into a threaded hollow formed in the piston 21 at 
the end facing the cap member 19 so that the open end‘ 
of the cup 23 is embedded in the piston 21. The cup 23 
contains also an ignition head 25 having electrical leads 
26. A space which serves as a working chamber 27 for 
generated gas is formed within the cylinder 18 de?ned 
by the inner face of the cap member 20 and the end 
face of the piston 21. The working chamber 27- is con 
nected to the interior of the cup 23A through holes 28 
drilled through the piston 21 and is made air-tight by 
means of O-rings 29 on the piston 21 and the cap mem 
ber 20. To restrict the stroke of the piston 21, a bumper 
ring 19C is attached to the inner surface of the cap 
member 19. In the working chamber 27 is installed a 
retainer assembly 30 for restraining the outward move 
ment of the rod 22, consisting of a hollow cylindrical 
block 30A fixed to the chamber 27 wall, a cone frustum 
shaped inner retainer 308 having an axial bore of _a 
diameter nearly equal to that ofthe rod 22 to permit 
sliding movement of the inserted rod 22, and a cylindri 
cal outer retainer 30C having a large tapered axial 
bore. The outer retainer 30C is co-axially ?xed to the 
cap member 20 at the end having the smaller opening 
of the tapered bore. The inner retainer 30B is axially 
slidable between the cap member 20 and the cylindri 
cal block 30A to a limited degree, and is made of a 
resilient material. When the rod 22 is pulled outwardly 
toward the seat belt 11, the inner retainer 303 comes 
into contact with the outer retainer 30C and is forced 
to compressively deform, so that the inserted rod 22 is 
clutched by the inner retainer 30B and the outward 
movement is thereby resisted. 
When a conventional shock sensor on board the 

vehicle detects a shock exceeding a predetermined ' 
value during a collision, a‘signal is transmitted to a 
power source circuit (not shown) to make a ?ring cur 
rent flow through the ignition head 25 in the actuator 
15. The resulting combustion of the composition 24 in 
the cup 23A rapidly produces a large quantity of gas, 
which is ejected into the gas working‘ chamber 27 
through the holes 28. Then, the piston 21 is forced to 
move toward the cap member 19 by the gas pressure in 
the chamber 27 and the thrust from the gas ejection 
from the holes 28. Accordingly, the end-strap 11A is 
retracted rearward by a rapidlyincreasing tensile force, 
and the seat belt 11 is strained from the slackened 
condition. Full straining of the seat belt 11 can be ac 
complished in less than about 10 ms from the instant of 
collision, so that the seat occupant 10 is ?rmly secured 
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to the seat 12 Substantially before the start of his for 
ward motion due to inertia force. As a result, the open 
‘space in front of the occupant 10 can be preserved. 

In the subsequent stage, the passenger 10 is forced to 
move forward by his own inertia force due to the high 
deceleration of the vehicle, and the force is imposed on 
the seat belt 1l.’Consequently, the piston 21 is pulled 
back against the gas pressure in the chamber 27. In this 
case, however, the rod 22 encounters strong resistance 
from the retainer assembly 30 and makes practically no 
retro-movement. Therefore, the seat belt 11 is pre 
vented from again becoming loose, and the tension on 
the belt 11 is preserved even after the composition 24' 
is burned out. Thus,'the employment of the retainer 
assembly 30 leads to a considerable reduction in the 
required quantity of the composition 24. 
As another means to control the movement of the 

piston 21, at least one gas port 31 equipped with a valve 
unit 32 may be provided at a suitable location through 
the cylinder 18 wall. The valve unit 32 is adjustable so 
that a portion of the gas in the chamber 27 may be 
‘exhausted through the port 31 when the gas pressure 

'exceeds a predetermined value. The controlled gas 
exhaust prevents exertion of such excessive tension on 
the seat belt 11 which would be dangerous to the seat 

' occupant 10, and absorbs kinetic energy from the oc 
cupant’s forward motion when the actuator 15 does not 

‘ include the retainer assembly 30. These effects may be 
achieved to a certain extent also by the gas port 3] 
alone. ‘ ' ' 

~ The curve I of FIG. 3 shows the tension exerted on 
"the seat belt‘ 11 of a conventional safety seat belt sys 

> tem as a function of time measured from the instant of 
collision. As mentioned before, a seat belt 11 in such a 

; system remains in a slackened condition for a consider 
ably long period,‘ which is an important stage from the 
safety viewpoint, until the’inertia force of the seat oc 
cupant l0 begins to act upon the belt 11. By means of 
an actuator 15 of the invention, the tension begins to 
-'-rise practically at the instant of'v'collision as shown by 

' the‘ region (a) of the curve 11. The subsequent region 
3(b) represents the tension increase due to'the inertia 
'force of theoccupant 10, and the increased tension is 
maintained fora period in the region (c) by the effect 
of the retainer assembly‘30. I 
When the actuator 15 is provided with the gas port 

'31 and the valve unit 32 in place of the retainer 30, the 
tension remains at a constant value, which is usually 

’ smaller than the peak values in other cases, for a longer 
‘ time‘ accomplishing increased energy absorption as 
shown by the branched curve IIA. ' 

~ As seen from the above description, an actuator 15 of 
the invention achieves the object of securing a vehicle 
passengerv 10 to his seat 12 with a minimized'time delay 
during a significant vehicle accident irrespective of the 
difference 'in the mode of the belt tension variance at 
later stages. Consequently, the passenger 10 can be 
protected against a second collision without sacri?cing 
comfort during driving. I 
A gas generatingdevice 23 incorporated with the 

piston 2] enables the piston 21 to move more quickly 
and smoothly at the initial stage of the‘ actuator 15 
‘operation as-compared with gas generators installed in 
other parts of the actuator 15 such as the cap member 
20 or the wall of the cylinder 18. The combination of 
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the piston 21 and the gas generating device 23 is fur 
ther advantageous in that the vehicle compartment and 
passengers are protected by the cylinder 18 from heat 
and/or possible debris due to the combustion of the 
composition 24. 
The holes 28 of the embodiment of FIG. 2 for gas 

ejection into the chamber 27 may be eliminated when 
the cup 23 is inserted into the piston 21 to expose the 
open end of the cup 23 to the chamber 27. In such an 
arrangement, a good result is obtained by designing the 
area of the open end in full consideration of the nozzle 
effect. 

It will be apparent that an actuator of the invention is 
applicable not only to a three-point type seat belt as 
shown in FIG. 1 but also to other types such as a simple 
lap belt or a shoulder harness. - 
What is claimed is: 
1. In a safety belt system for a vehicle, an actuator for 

retracting and straining a safety seat belt during a colli 
sion of the vehicle comprising: ‘ 

a. a cylinder; 
b. a cylinder head mounted on said cylinder at one 
end thereof; 

c. a piston accommodated in said cylinder, having a 
rod extending outwardly therefrom through said 
cylinder head for connection with one end of the 
safety seat belt; ' 

d. a working chamber de?ned by said cylinder, cylin 
der head and piston; and 

- e. a gas generating device for supplying a gas under 
pressure into said working chamber when ener 
gized during a collision of the vehicle, comprising a 
container, a composition capable of producing a 
gas by combustion thereof and means to ignite said 
composition contained in said container, said gas 
generating device being fixed to said piston such 
that at least a portion of an open end of'said con 
tainer is exposed to said working chamber; "which 
further comprises means to limit a range of the 
movement of said rod toward said safety seat belt; 
and in which said means comprises: 

a an outer retainer integral with said cylinder head and 
having a tapered bore coaxial with said cylinder, 
the small diameter end of said bore being adjacent 
to said cylinder head; 

a cylindrical block integral with said cylinder and 
having a bore coaxial with said cylinder; and I 

a resilient, cone frustrum shaped inner retainer dis 
posed within the tapered bore of said outer re 
tainer, covered with said cylindrical block, and 
having a bore coaxial with said cylinder which is 
nearly equal in diameter to said rod which is ar 
ranged to extend therethrough; whereby 

said'inner retainer abuts with said tapered bore of 
said outer retainer when said rod begins to move 
toward the safety seat belt and is compressively 
deformed to exert a force on said rod- to resist 
further movement of said rod toward the safety 
seat belt. 

2. An actuator as claimed in claim 1, in which a hole 
is formed through said cylinder to render said working 
chamber communicable with the atmosphere, and said 
hole is equipped with a pressure relief valve to limit the 
gas pressure in said chamber to a predetermined value. 

> * * * * * 


